Abstract
microstructure of the colonic epithelium was observed under a transmission electron microscope, the transepithelial resistance was measured using a shortcircuit current, colonic epithelial cell apoptosis was determined by terminal deoxynucleotidyl transferasemediated dUTP-biotin nick end labelling assay, and the expression of occludin, claudin-1 and zonula occludens-l (ZO-1) in the colonic epithelial junction was determined by Western blotting and immunofluorescence staining.
RESULTS:
Compared with the MC group, the microstructure of the colonic epithelial barrier was significantly improved in rats treated with HPM, MWM or SASP, meanwhile, the current flow was reduced significantly, with values of 168.20 ± 6.14 vs 99.70 ± 3.13, 99.10 ± 4.28 and 120.30 ± 3.65 mA, respectively (P = 0.001). However, the HPM and MWM groups had higher current flow rates than the SASP group (99.70 ± 3.13, 99.10 ± 4.28 vs 120.30 ± 3.65 mA, P = 0.001).
The number of the apoptotic colonic epithelial cells in HPM, MWM and SASP groups was largely reduced (61.5 ± 16.91 vs 15.5 ± 8.89, 14.8 ± 6.27 and 24.7 ± 9.68, respectively (P = 0.001); and the expression of occludin, claudin-1 and ZO-1 in the MWM and HPM groups was significantly enhanced (0.48 ± 0.10, 0.64 ± 0.09 vs 0.18 ± 0.05 for occludin, 0.12 ± 0.02, 0.17 ± 0.03 vs 0.05 ± 0.01 for claudin-1, and 0.08 ± 0.01, 0.11 ± 0.01 vs 0.02 ± 0.01 for ZO-1). And in SASP group, the expression of occludin and ZO-1 was also significantly increased (0.27 ± 0.04 vs 0.18 ± 0.05 for occludin and 0.05 ± 0.01 vs 0.02 ± 0.01 for ZO-1), but there was no significant difference for claudin-1. The HPM and MWM groups had higher expression of occludin, claudin-1 and ZO-1 than the SASP group.
CONCLUSION: HPM and MWM treatment can downregulate apoptosis of colonic epithelial cells, repair tight junctions and enhance colonic epithelial barrier function in rats with CD.
INTRODUCTION
Crohn's disease (CD) is a chronic and non-specific inflammatory disease that may affect any part of the gastrointestinal tract from the mouth to the anus, thereby causing a wide variety of symptoms. CD has been mostly seen in Western industrialized countries. However, in recent years, the number of individuals affected by CD in China has significantly increased [1] . The exact cause of Crohn's disease is still unknown. In Western medical practices, treatment options include steroids, immunosuppressants and 5-aminosalicylic acid. However, these treatments are restricted to controlling symptoms, maintaining remission, and preventing relapse. Currently, there is no known pharmaceutical or surgical cure for Crohn's disease [2] . Although biologic therapies provide hope for CD patients, the financial cost and the significant side effects limit their application [2] . Moxibustion has been used in China for more than 4000 years to treat various diseases, including gastrointestinal diseases, such as Crohn's [3] , ulcerative colitis [4] and irritable bowel syndrome [5] . Mild-warm moxibustion (MWM) and herbs-partitioned moxibustion (HPM) are critical components of moxibustion therapy. MWM is a type of moxa stick moxibustion that is performed by holding an ignited moxa stick a certain distance above the patient's skin, keeping the spot warm and making it reddened, but not burnt. HPM is performed by placing an herbal cake (traditional Chinese medicinal formula dispensing) on the patient's acupoints, followed by the placement and ignition of moxa cones, composed of refined mugwort floss, on the herbal cake to treat diseases. Previously, our group has used moxibustion in the clinic to treat mild or moderate CD, and the efficacy of this treatment can reach nearly 75% [6] . However, the underlying mechanisms of moxibustion treatment of CD remain elusive. Therefore, in this study, we used a rat model with trinitrobenzene sulfonic acid (TNBS)-induced CD and studied the role of moxibustion, as HPM and MWM, in repairing the colonic epithelial barrier using histomorphology, molecular biology, proteinology and electrophysiology.
Several factors have also been shown to contribute to the incidence of CD. For example, defective epithelial barrier function, which can be measured as increased intestinal permeability, has been implicated in CD [7] and can predict relapse during clinical remission [8, 9] . However, increased permeability is also present in a subset of unaffected first-degree relatives of patients with CD [10] [11] [12] [13] or other functional bowel diseases [14] . It has been demonstrated that damage of the colonic epithelial barrier, as in colonic epithelial death and the connective tissue damage, promotes CD in animal models [15] and humans [16] [17] [18] . The mechanisms underlying the loss of barrier function and permeability defects are thought to have a great potential in defining inflammation bowel disease (IBD) pathogenesis and guiding the development of novel treatment for IBD [19] . Therefore, the aim of this study was to investigate whether HPM and MWM can effectively treat CD and to clarify the underlying mechanisms regulating this process. To determine whether HPM and MWM are able to repair the colonic epithelial barrier, we examined the effects of moxibustion on colonic epithelial microstructure and transepithelial resistance, apoptosis of colonic epithelial cells and the expression of the proteins involved in colonic epithelial tight junctions, including occludin, claudin-1 and zonula occludens-l (ZO-1). Crohn's disease model establishment Sixty male SD rats were randomly divided into a normal control (NC) group, a model control (MC) group, an HPM group, an MWM group and an SASP group, with 12 rats in each group. The CD models were established according to Morris' method [20] . Prior to model establishment, the rats were fasted and given water for 24 h. The rats were weighed, and 2% sodium pentobarbital (30 mg/kg) was administered through intraperitoneal injection (ip). The rats were anally injected with a TNBS solution mixed in 50% alcohol at a 1:2 ratio using a rubber tube. All groups of rats received the TNBS injection, with the exception of the normal control group, which received normal saline. The rubber tube was put into the anus 6-8 cm deep. Following the injection, the head of the rat was pushed down for about 1 min to prevent loss of the injected solution. The injection was repeated every 7 d for 4 wk. When the experimental CD rat models were completed, one rat was randomly selected from each group to ascertain whether the CD models were successful by hematoxylin eosin staining.
MATERIALS AND METHODS

Materials
Treatment
After the experimental CD rat models were confirmed to be successfully established, the rats were exposed to different treatments. In the HPM group, moxa cones (0.5 cm in diameter and 0.6 cm in length) made of refined mugwort floss were placed on an herbal cake [medicinal formula dispensing (radix) Aconiti praeparata, (cortex) Cinnamomi, etc.] at the Tianshu (ST25) and Qihai (CV6) acupoints and ignited. ST25 and CV6 were used to regulate intestinal functions. Two moxa cones were used for each treatment once daily for 14 d. In the MWM group, moxa sticks were ignited 1-2 cm above ST25 and CV6 for 10 min, with the temperature of the local area maintained at 43 ℃ ± 2 ℃. The rats in the SASP group were fed with SASP, which was prepared at the proportion of 1:0.018 [21] , twice a day for 14 d. The rats in the MC and NC groups did not receive any treatment. After the treatment, five groups of rats were sacrificed simultaneously. The distal colons were dissected at a length of 6 cm.
Transmission electron microscope
Samples (rats colonic mucosa) were cut into 1 mm 3 strips, fixed for 4 h at 4 ℃ in 5% glutaraldehyde, fully washed for 3 times in 0.1 mol/L phosphate buffered saline (PBS), postfixed for 2 h at 4 ℃ in 2% osmium tetroxide, dehydrated in a graded series of ethanols and embedded in Epon 812, cut into ultrathin sections (75 nm) and then stained with uranyl acetate and lead citrate. Sections were viewed in a HITACHI H-600 electron microscope at 80 kV (HITACHI, Tokyo, Japan).
Transepithelial resistance measurement
Colonic epithelial cells were isolated and immediately purified according to Evans et al [22] . Transepithelial resistance (Rt) experiments were performed [23] at least 1 wk after seeding the cells on filters, when the Rt of the monolayers reached stable values. The ussing chamber (A and B chamber) (Sigma, United States) used was modified to allow intact inserts to be placed into the chamber. The apical side of the colonic epithelium was directed to the A chamber, and the basolateral side of the colonic epithelium was directed to the B chamber. Both A and B chamber reservoirs contained Krebs-Henseleit solution with 5% oxygenation at 37 ℃. Short-circuit current, open-circuit transepithelial voltage, and transepithelial resistance were recorded by an Axon 2B clamp (Axon, United States). The data were analyzed by p Clamp 8.0 software (Axon, United States).
Western blotting
Western blotting analysis was conducted, as described by Zeissig et al [24] We randomly selected six rat colon samples from each group for detection. Rat colon samples were homogenized with a dounce homogeniser in lysis buffer containing 20 mmol/L Tris, pH 7.4, 5 mmol/L magnesium chloride, 1 mmol/L EDTA, 0.3 mmol/L ethyleneglycol tetra-acetic acid, 1 μL/mL aprotinin, 16 μg/mL benzamidine/hydrochloric acid, 10 μg/mL phenanthroline, 10 μg/mL leupeptin, 10 μg/mL pepstatin, 2 mmol/L phenylmethyl-sulphonyl fluoride, 210 μg/mL sodium fluoride, 2.16 mg/mL β-glycerophosphate, 18.4 μg/mL sodium vanadate and 1 μL/mL trypsin inhibitor. The lysates were passed through a needle, and the insoluble material was removed by centrifugation (350 × g for 5 min at 4 ℃). The supernatant was centrifuged at 43 000 × g for 30 min at 4 ℃, and the pellets were resuspended in lysis buffer. The protein concentrations were determined using a Pierce bicinchoninic acid assay. Aliquots of 5 μg of each sample were separated by polyacrylamide gel electrophoresis and were transferred to a nitrocellulose membrane. The blots were blocked for 2 h in 5% nonfat milk in phosphate-buffered saline and overnight in 5% bovine serum albumin in phosphate-buffered saline (at 4 ℃) before incubation with primary antibodies for 90 min at room temperature. Primary rabbit monoclonal immunoglobulin (Ig)G antibodies directed against occludin (1:200) (BD, United States), claudin-1 (1:200) (Invitrogen, United States) and ZO-1 (1:200) (Santa Cruz, United States) were used. Peroxidase-conjugated goat anti-rabbit IgG (1:1000) (Bioss, Beijing, China) and chemiluminescence fluid A and B (1:1) (Boster, Wuhan, China) were mixed for 1 h and 1 min, respectively. The reactive bands were detected using chemiluminescent reagents (Pierce Company, Minneapolis, United States).
Immunofluorescence staining
Rat colon samples were washed with 4 ℃ normal saline, fixed in 10% formalin for 24 h, embedded in paraffin, cut into sections and heated at 60 ℃ for 20 min. The sections were soaked in dimethyl benzene twice for 10 min, soaked in 100%, 95% and 70% alcohol for 5 min, and washed with water. A total of 2000 mL of 0.01 mol/L natrium citricum buffer solution (pH 6.0) was added to the pressure kettle, and the colon sections were placed on a staining rack in the pressure kettle. The samples were processed for 1-2 min at 0.142 MPa, removed, and quickly washed with water, followed by an additional wash with PBS for 5 min. Goat serum was added to the samples for 20 min at room temperature, and the superfluous fluid was removed. The samples were incubated with primary monoclonal antibody diluted 1:1000 (occludin Ab, claudin-1 Ab, ZO-1 Ab) in blocking buffer overnight at 4 ℃. The samples were incubated at 37 ℃ for 45 min and were washed 3 times for 2 min with PBS. The samples were incubated with secondary antibody diluted 1:10 000 (FITC-conjugated anti-rabbit) (Abcam, United States) in blocking buffer for 20 min at room temperature. Next, the samples were washed 3 times for 2 min with PBS. The samples were incubated with 5-10 mL DAPI staining solution for 10 min and were washed 4 times for 5 min with PBS. One drop of 50% glycerine was added to the sections, and laser confocal microscopy (Nikon, Japan)
The junctions between the epithelial cells were not tight, and the intracellular space was enlarged. No villi could be seen on the cell surfaces.
In the colonic epithelial cells of the HPM group ( Figure 1G and H), the integrity of the nuclear membranes were almost normal. The nuclei of the cells were clear, the number of the organelles was reduced and the cell membranes were injured. Many mitochondria could be observed, the junctions between the epithelial cells were relatively tight, the intracellular spaces were increased, and some villi could be seen on the cell surfaces.
In the colonic epithelial cells of the MWM group ( Figure 1I and J), the integrity of the nuclear membrane was relatively normal. The nuclei of the cells were present, a few bubbles appeared in the cytoplasm, and many mitochondria could be detected. The junctions between the epithelial cells were tight, while some intracellular spaces were tight and some intracellular spaces were broadened. Particle secretion was detected in the intracellular space. There were a few villi on the cell surfaces.
Function of rat colonic epithelial barrier in response to moxibustion treatment
Compared with normal rats, the current flow of the colonic epithelial cells was significantly reduced in the MC group (168.20 ± 6.14 vs 58.60 ± 5.52 mA, respectively, P = 0.001), but the transepithelial resistance was increased (0.30 ± 0.01 vs 0.86 ± 0.08, respectively, P = 0.001) ( Table 1) . Following the HPM, MWM or SASP treatment, the transepithelial resistance was increased, and the current flow was decreased compared with normal rats. Compared with the MC group, the transepithelial resistance was significantly increased in rats treated with HPM, MWM or SASP, with values of 0.30 ± 0.01 vs 0.50 ± 0.02, 0.51 ± 0.02, 0.42 ± 0.01, respectively (P = 0.001). Meanwhile, the current flow was reduced, with values of 168.20 ± 6.14 vs 99.70 ± 3.13, 99.10 ± 4.28, 120.30 ± 3.65 mA, respectively (P = 0.001). However, we found that the current flow in the HPM and SASP groups was enhanced compared with the SASP group, with values of 0.50 ± 0.02, 0.51 ± 0.02 vs 0.42 ± 0.01 and 99.70 ± 3.13, 99.10 ± 4.28 vs 120.30 ± 3.65 mA, respectively (P = 0.001), but was lower than the flow rate of the normal group. These data suggest was used to detect the expression of occludin, claudin-1 and ZO-1. The protein expression was evaluated in the 5 fields of vision.
Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling assay Transferase-mediated dUTP-biotin nick end labeling assay (TUNEL) staining was performed using the DeadEnd™ Fluorometric TUNEL System (Promega, Madison, WI). A total of 5 × 10 7 /mL cells were fixed with a 4% formaldehyde solution for 10 min and washed twice for 5 min with PBS. The slides were equilibrated with equilibration buffer and were incubated for 30 min at 37 ℃ with recombinant terminal deoxynucleotidyl transferase (rTdT) incubation buffer. The negative control sections were incubated with control incubation buffer without the rTdT enzyme. The slides were analyzed using a Leica TCS SP5 confocal microscope (Germany).
Statistical analysis
Results were expressed as mean ± SD. Statistical analyses were performed using SPSS 13.0 (SPSS Inc. Chicago, Illinois). Differences in mean were compared by one way analysis of variance. Differences were considered statistically significant if P < 0.05.
RESULTS
Microstructure of rat colonic epithelial tissue in different groups
In the NC group ( Figure 1A and B) , the morphology of the colonic epithelia, the cell membrane and the nuclear membrane were integral. The nucleolus could be seen clearly. In the cytoplasm, both the endoplasmic reticulum and mitochondria could be seen clearly. The junction of the epithelial cells was tight. The junctions among the cells were not broadened. We also observed abundant secretion by the cells, and there were villi present on the cell surfaces.
In the MC group ( Figure 1C and D) , the colonic epithelial cells were reduced in size, the integrity of the epithelial membrane and the nuclear membrane was compromised, the nuclei were absent, and most of the organelles inside the cytoplasm were absent. The MC group colonic epithelial cells contained bubbles inside the cytoplasm, and the number of mitochondria was significantly reduced. The junctions between the epithelial cells were loose, and a significant broadening of the colonic cells was observed. No villi could be detected on the cell surface.
In the colonic epithelial cells of the SASP group ( Figure 1E and F) , the integrity of the cell and nuclear membranes were disrupted, the nuclei of the cells were absent, the structure of the organelles inside the cytoplasm could not be seen clearly, and the number of mitochondria was relatively normal. In addition, the size of the colonic epithelial cells was significantly reduced, and bubbles of different sizes were present in the cytoplasm. that the CD rats treated with HPW, MWM or SASP had colonic epithelial cells with significantly increased transepithelial resistance, which may further cause enhanced repair and/or protection of the colonic epithelial barrier (Figure 2A and B).
Reduced apoptosis of rat colonic epithelial cells in response to moxibustion treatment
Compared with the NC group, the number of apoptotic colonic epithelial cells was significantly increased in the MC group (61.5 ± 16.91 vs 11.5 ± 4.48, respectively, P Table 2 ). However, the number of colonic epithelial cells undergoing apoptosis decreased in the MWM, HPM and SASP groups (61.5 ± 16.91 vs 15.5 ± 8.89, 14.8 ± 6.27, 24.7 ± 9.68, respectively, P = 0.001).
However, no significant differences in colonic epithelial cell apoptosis were found among the HPM, MWM and SASP groups. In addition, compared with the NC group, the differences in the number of apoptotic colonic epithelial cells were not statistically significant between the MWM and HPM groups; however, there was a difference in apoptosis between the SASP and NC groups (24.7 ± 9.68 vs 11.5 ± 4.48, respectively, P = 0.017). Moreover, the number of apoptotic colonic epithelial cells in the MC group was significantly increased compared with the NC group (0.10 ± 0.03 vs 0.02 ± 0.09, respectively, P = 0.001), and compared with the MC group, the number of apoptotic colonic epithelial cells in the HPM, MWM and SASP groups was also largely reduced (0.03 ± 0.01, 0.03 ± 0.01, 0.05 ± 0.02 vs 0.10 ± 0.03, respectively, P = 0.001). There was a larger number of apoptotic cells in the colonic epithelium in the SASP group than in the MWM or HPM groups (0.05 ± 0.02 vs 0.03 ± 0.01, 0.03 ± 0.01, respectively, P = 0.024 and P = 0.025). These data suggested that the MWM and HPM were able to down-regulate the apoptosis of colonic epithelial cells in rats with CD ( Figure 3) .
Expression of occludin, claudin-1 and zonula occludens-l in rat colonic epithelium by Western blotting
Compared with the NC group, the expressions of occludin, claudin-1 and ZO-1 were significantly reduced in the MC, SASP, MWM and HPM groups (Table 3) . Compared with the MC group, the expressions of occludin, claudin-1 and ZO-1 in the MWM and HPM groups were significantly increased (0.48 ± 0.10, 0.64 ± 0.09 vs 0.18 ± 0.05, P = 0.002 and P = 0.001, respectively, for occluding; 0.12 ± 0.02, 0.17 ± 0.03 vs 0.05 ± 0.01, P = 0.001 for claudin-1; and 0.08 ± 0.01, 0.11 ± 0.01 vs 0.02 ± 0.01, P = 0.001 for ZO-1). And in SASP group, the expressions of occludin and ZO-1 were significantly increased (0.27 ± 0.04 vs 0.18 ± 0.05, P = 0.043 for occludin and 0.05 ± 0.01 vs 0.02 ± 0.01, P = 0.001 for ZO-1), but there was no significant difference for claudin-1. Moreover, the HPM and MWM groups had higher expression of occludin, claudin-1 and ZO-1 than the SASP group (0.48 ± 0.10, 0.64 ± 0.09 vs 0.27 ± 0.04, respectively, P = 0.015 and P = 0.001 for occluding; 0.12 ± 0.02, 0.17 ± 0.03 vs 0.08 ± 0.02, P = 0.021 and P = 0.001 for claudin-1; and 0.08 ± 0.01, 0.11 ± 0.01 vs 0.05 ± 0.01, P = 0.002 and P = 0.001 for ZO-1). The expression of ZO-1 between MWM and HPM groups was significantly different (0.08 ± 0.01 vs 0.11 ± 0.01, P = 0.001), but there was no significant difference for occludin and claudin-1 (Figure 4) . Table 2 Comparison of number and rate of apoptosis of rat colonic epithelial cells in different groups (n = 10, mean ± SD) a P < 0.01 vs normal group; c P < 0.01 vs model group; f P < 0.05 vs SASP group. NC: Normal control; MC: Model control; SASP: Salicylazosulphapyridine group; MWM: Mild-warm moxibustion group; HPM: Herbspartitioned moxibustion group. Table 3 Figure 6 ) and ZO-1 ( Figure 7 ) was detected in the tight junctions and subjunctional lateral membranes of surface and crypt enterocytes under confocal immunofluorescence microscope, and the strength of the immunofluorescence signals was significantly reduced in these sites in the MC group. However, in the HPM, MWM or SASP groups, the signal significantly increased as HPM > MWM > SASP, which was consistent with the results obtained using Western blotting.
DISCUSSION
CD is a chronic, recurrent and refractory disease. It primarily causes abdominal pain, diarrhoea with abdominal mass, fistulisation and intestinal obstruction. Patients with CD usually have symptoms, including loss of appetite, sallow complexion, spontaneous perspiration, night sweat, insomnia and loss of energy and weight. The cause of this disease still remains unclear. Although the current pharmaceutical treatments are helpful in temporarily controlling the primary symptoms, they are unable to cure the disease.
Moxibustion has been used to treat various diseases in China and in other countries. Joos et al [3] found that Crohn's Disease Activity Index can be decreased from 250 ± 51 to 163 ± 56 (P = 0.003) in patients treated with acupuncture and moxibustion. Furthermore, the researchers observed that the general conditions of the patients that received acupuncture and moxibustion were also improved compared with the controls. We have used HPM and MWM to treat patients with mild and moderate CD. We observed that HPM and MWM alleviates abdominal pain and diarrhoea and improves sallow complexion, loss of energy and insomnia in CD patients [6] . So far, no side effects have been observed. However, the mechanisms underlying moxibustion-induced CD alleviation are undefined.
In this study, we observed under transmission electron microscope that there were reduced apoptosis, clearer cell structures and greater numbers of mitochondria in the colonic epithelial cells of rats treated with HPM or MWM compared with the rats in the MC or SASP groups. In addition, compared with the MC group, we also found that apoptosis of rat colonic epi- ated by the Bcl-2/Bax and Fas/FasL pathways [25] . The balance between epithelial cell apoptosis and proliferation is pivotal for the maintenance of mucosal integrity in the intestine [26] ; Di Sabatino et al [27] found that dysregulation of this balance is caused by an increase in apoptosis, which leads to cellular loss and tissue atrophy and is likely to be involved in the pathogenesis of CD. This increase was not mediated by a Fas-Fas ligand or by abnormal E-cadherin distribution. Increased matrix metalloproteinase-1 release from lamina propria mononuclear cells may be one of the possible mechanisms responsible for the increased apoptosis of enterocytes in CD. Another study showed that an increase of tumor necrosis factor-alpha mucosal release may promote enterocyte apoptosis in CD [28] . Whether similar mechanisms are used by moxibustion to reduce apoptosis in colonic epithelia needs further investigation.
In addition, we investigated the effect of HPM or MWM on the tight junctions of colonic epithelial cells. We observed that the epithelial cell junction was tighter, the intracellular space was relatively broadened and the expression of occludin, claudin-1 and ZO-1 involved in the tight junctions was significantly enhanced in the HPM and MWM groups as compared with the MC and the SASP groups. In addition, we found that the electric current of the cells in the MC group was significantly higher than in the other groups, and the electric current of the epithelial cells in the HPM or MWM groups was lower than in the SASP group.
The tight junction seals the space between adjacent epithelial cells, and in intact gastrointestinal epithelia, tight junction permeability is the rate-limiting step that defines the overall epithelial permeability [14] . Increased permeability of the tight junctions is thought to contribute to CD [24, 29] . Occludin, the claudins and ZO-1 are key proteins in the tight junctions [30] . Patients with active or inactive CD have increased intestinal permeability and differential expression of these tight junction proteins [31, 32] , which may be associated with abnormal expression of the proinflammatory cytokines TNF-α, IFN-γ and IL-13 [33] [34] [35] [36] ; whether moxibustion increases the expression of the proteins involved in tight junctions through similar mechanisms or via other mechanisms requires further investigation.
Overall, we found that HPM or MWM administration of the Tianshu (ST25) and Qihai (CV6) acupoints can reduce colonic epithelial cell apoptosis and repair the intracellular tight junctions in rats with CD, which results in a significant improvement of their barrier function and a decrease in epithelial permeability. Our findings provide the novel mechanisms by which moxibustion can significantly improve CD symptoms. These findings suggest that the moxibustion therapy can be used as an effective treatment for Crohn's disease. 
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